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(57) ABSTRACT 
There are many inventions described herein as Well as many 
aspects and embodiments of those inventions. A thigh com 
pression device and technique to control, time, delay and/or 
prevent excessive early venous enhancement relative to 
arterial enhancement and thereby improve and/or enhance 
MRA images, including peripheral MRA images. In one 
embodiment, the present invention uses a curved strip of 
material Which is longer on the superior edge and shorter 
along the inferior edge. When Wrapped around the conical or 
conal-like shape of the thigh of a subject (for example, a 
human), the thigh compression device more uniformly con 
forms to and/or ?ts around the thigh, providing more even/ 
uniform compression as Well as reducing, minimizing and/or 
eliminating signi?cant movement of the thigh compression 
device toWards the knees of the subject. Notably, a snug ?t 
on the thighs may also enable the thigh compression device 
to be in?ated With less ?uid (for example, air) Which is faster 
and less cumbersome for the operator. 
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16a FIGURE 4A 
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TOURNIQUET FOR MAGNETIC RESONANCE 
ANGIOGRAPHY, AND METHOD OF USING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to: (1) US. Provi 
sional Application Ser. No. 60/646,434, entitled “Tourniquet 
for Magnetic Resonance Angiography, and Method of Using 
Same”, ?led Jan. 24, 2005; and (2) US. Provisional Appli 
cation Ser. No. 60/678,410, entitled “Tourniquet for Mag 
netic Resonance Angiography, and Method of Using Same”, 
?led May 6, 2005 (hereinafter collectively “the Provisional 
Applications”). The contents of the Provisional Applications 
are incorporated by reference herein in their entirety. 

BACKGROUND 

[0002] This invention relates to a device to improve the 
images obtained using magnetic resonance angiography 
(“MRA”); and more particularly, in one aspect, to a device 
(as Well as a method of using the device) that selectively 
compresses veins relative to arteries to control, time, delay 
and/ or prevent excessive early venous enhancement relative 
to arterial enhancement and thereby improve and/ or enhance 
MRA images. 

[0003] Moving table MRA, sometimes knoWn as bolus 
chase MRA, has had a revolutionary affect on imaging of the 
peripheral vasculature. Moving table MRA alloWs rapid 
imaging from the aorta to the feet, using one injection of a 
magnetic resonance (“MR”) contrast agent (for example, 
gadolinium), often Within a feW minutes. In operation, the 
patient is advanced, betWeen discrete imaging stations, 
through the MR scanner as the bolus of MR contrast agent 
?oWs doWn the torso and legs. In this Way, one bolus of MR 
contrast agent is “shared” among multiple imaging stations 
covering the peripheral arteries or it can be extended to 
cover the arteries of the entire body. Moving table MRA is 
described in US. Pat. No. 5,924,987, Which is incorporated 
by reference herein. 

[0004] HoWever, in many patients, the MR contrast agent 
bolus may “travel” doWn the legs at a rate that makes it 
dif?cult for the MR scanner to adequately, fully and/or 
optimally image the patient at and move betWeen the plu 
rality of imaging stations. In this instance, sometimes 
referred to as fast How, the bolus is not optimally “shared” 
among the imaging stations and enhancement of veins may 
occur or result in the more distal stations thereby interfering 
With visualiZation of the arteries in the subsequent images. 

[0005] Such venous enhancement may be referred to as 
venous contamination and may occur in up to 50% of 
patients. Notably, it is particularly common in diabetic 
patients and patients Who have cellulitis or foot ulcers. These 
are the very patients in Whom obtaining high resolution 
peripheral MR angiograms may be critical. 

[0006] There are many conventional techniques to sup 
press venous contamination. (See, for example, (1) Lee et 
al., “Distal loWer extremity arteries: evaluation With tWo 
dimensional MR digital subtraction angiography”, Radiol 
ogy. 1998 May, 207(2):505-12; (2) Maki et al., “Utilizing 
SENSE to achieve loWer station sub-millimeter isotropic 
resolution and minimal venous enhancement in peripheral 
MR angiography”, JMRI, April 2002, 15(4):484-91; (3) Ho 
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et al., “High-spatial-resolution multistation MR imaging of 
loWer-extremity peripheral vasculature With segmented vol 
ume acquisition: feasibility study”, Radiology June 2001, 
219(3):835-41; (4) Leiner et al., “Three-dimensional con 
trast-enhanced moving-bed infusion-tracking (MoBi-track) 
peripheral MR angiography With ?exible choice of imaging 
parameters for each ?eld of vieW” JMRI, April 2000, 11 
(4):368-77; (5) WentZ et al., “High-resolution magnetic 
resonance angiography of hands With timed arterial com 
pression (tac-MRA)” Lancet 2003, 36149-50; (6) Vogt et al., 
“Venous compression at high-spatial resolution-resolution 
three-dimensional MR angiography of peripheral arteries”, 
Radiology 2004, 233:913-20; (7) Herbom et al., “Peripheral 
vasculature: Whole body MR angiography With midfemoral 
venous compressioniinitial experience”, Radiology 2004, 
230:872-8; (8) Bilicen et al., “Infragenual calf-compression 
for reducing venous contamination in contrast-enhanced 
MR angiography of the calf”, JMRI August, 2004 
20(2):347-51, (9) Bilicen et al., “Optimized assessment of 
hand vasculariZation on contrast-enhanced MR angiography 
With a subsystolic continuous compression technique” AJR, 
2004;182:180-2; and (10) Zhang et al., “Decreased venous 
contamination on 3D gadolinium-enhanced bolus chase 
peripheral MR angiography using thigh compression”, AJR 
2004;183:1041-7). 
[0007] Certain conventional techniques to suppress 
venous contamination employ faster imaging and/or faster 
table movement. An inherent problem With imaging faster to 
keep up With the bolus is that imaging faster reduces the time 
available for data acquisition. The result is that the ?nal MR 
angiograms or images tend to have loWer quality With loWer 
resolution and less signal-to-noise (“SNR”). In addition, it 
may take time for the arteries distal to occlusive disease to 
?ll in With the MR contrast agent to be adequately visual 
iZed. Notably, it is generally better to image longer for better 
?lling of sloWly ?lling arteries, higher resolution and greater 
SNR. 

[0008] Drs. Meaney and Prince, in US. Pat. No. 5,924,967 
(incorporated herein by reference), describe a number of 
techniques to suppress venous contamination. One such 
technique employs toumiquets to “sloW doWn” blood How 
and suppress venous enhancement. In this regard, the tour 
niquet is placed tight enough to compress veins, but not too 
tight because compressing arteries is undesirable. In general, 
compressed arteries may provide a false appearance of 
stenosis or occlusion if it is Within the ?eld of vieW of the 
MRA image. Notably, compressing an artery may be accept 
able particularly if it is outside the ?eld of vieW or already 
knoWn to be free of signi?cant disease. 

[0009] Generally, tourniquets sloW blood How in and near 
the location around Which the tourniquet is applied. In 
addition, Where a tourniquet is applied to compress only 
veins, the more peripheral veins may become distended With 
blood. Thus, by placing or applying the tourniquet prior to 
injecting the MR contrast agent, the blood distending the 
veins is likely to be free of MR contrast agent. Once the MR 
contrast agent is injected, it ?oWs doWn the arteries at high 
concentration, but then is rapidly diluted upon entering the 
dilated veins. This effect may reduce venous enhancement. 
It is especially helpful for the calf Which commonly has 
venous enhancement if the gadolinium ?oWs doWn the legs 
faster than the MR scanner table is advanced. Compression 
of veins also causes blood to back up and thereby sloWs 
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doWn the arterial ?oW as Well. Generally, the amount of 
compression obtained from typical elastic tourniquets is 
di?icult to control and reproduce, Which has a tendency to 
limit Widespread applicability of the technique. 

[0010] There is a need for, among other things, a thigh 
compression device and technique Which may apply even or 
uniform (or substantially even or uniform) pressure “high” 
on the thigh. In addition, there is a need for a thigh 
compression device that ?ts and/or conforms to, the conal 
like shape of the thigh, in order to limit, reduce and/or 
eliminate detrimental movement of the device. Moreover, 
there is a need for a thigh compression device and technique 
that (i) limits, reduces and/or eliminates the tendency to 
move, create motion or misregistration artifact, (ii) is rela 
tively easy to operate or implement from outside the MR 
scanner and/or (iii) limits, reduces and/or eliminates “kink 
ing” or “entanglement” of tubing (for example, via the MR 
scanner or other medical equipment) that is used to operate 
or implement the device. There is also a need for a thigh 
compression device that is easily and rapidly in?ated and 
stays in?ated in spite of leaks. 

SUMMARY OF THE INVENTIONS 

[0011] There are many inventions described and illus 
trated herein. The present inventions are neither limited to 
any single aspect nor embodiment thereof, nor to any 
combinations and/or permutations of such aspects and/or 
embodiments. Moreover, each of the aspects of the present 
inventions, and/or embodiments thereof, may be employed 
alone or in combination With one or more of the other 
aspects of the present inventions and/or embodiments 
thereof. For the sake of brevity, many of those permutations 
and combinations Will not be discussed separately herein. 

[0012] In one aspect, the present inventions are directed to 
a thigh compression device for use With magnetic resonance 
imaging equipment. The thigh compression device com 
prises a bladder pouch having a curved rectangular-like 
shape Wherein the pouch includes ?rst side that is longer 
than an opposing second side. An in?atable bladder, adapted 
to be in?ated (to a pressure of greater than about 40 mm Hg) 
by a ?uid (for example, a gas or liquid), is disposed Within 
the bladder pouch. The thigh compression device further 
includes extension tubing coupled to the in?atable bladder 
as Well as an attachment mechanism to secure the bladder 

pouch and the in?atable bladder to a thigh of a human, 
Wherein When the thigh compression device is a?ixed on the 
thigh of the human using the attachment mechanism, the 
bladder pouch and the in?atable bladder conform to the 
conical shape of the thigh. 

[0013] In one embodiment of this aspect of the present 
inventions, the thigh compression device includes a length 
of the ?rst side of the bladder pouch Which is greater than 
about 20 inches and less than about 50 inches. In another 
embodiment the bladder pouch includes third and fourth 
sides having a substantially equal length. The length of the 
third and fourth sides of the bladder pouch may be greater 
than about 4 inches and less than about 12 inches. 

[0014] The bladder pouch may include a radius of curva 
ture betWeen 2 and 20 feet. 

[0015] The thigh compression device may include an 
in?ation device, coupled to the extension tubing, to in?ate 
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the in?atable bladder. The thigh compression device may 
also include a pressure gauge, coupled to the extension 
tubing or in?atable bladder, to provide information Which is 
representative of the pressure of the ?uid in the in?atable 
bladder. 

[0016] In another principal aspect, the present inventions 
are directed to a thigh compression system for use With 
magnetic resonance imaging equipment. The thigh compres 
sion system includes ?rst and second thigh compression 
devices. The ?rst thigh compression device comprises: (1) a 
bladder pouch having a curved rectangular-like shape 
Wherein the pouch includes ?rst side that is longer than an 
opposing second side, (2) an in?atable bladder, adapted to be 
in?ated (for example, to a pressure of greater than about 40 
mm Hg) by a ?uid (for example, a gas or liquid), disposed 
Within the bladder pouch, (3) extension tubing coupled to the 
in?atable bladder, and (4) an attachment mechanism to 
secure the bladder pouch and the in?atable bladder to a right 
thigh of a human, Wherein When the thigh compression 
device is a?ixed on the right thigh of the human using the 
attachment mechanism, the bladder pouch and the in?atable 
bladder conform to the conical shape of the right thigh. 

[0017] The second thigh compression device comprises: 
(1) a bladder pouch having a curved rectangular-like shape 
Wherein the pouch includes ?rst side that is longer than an 
opposing second side, (2) an in?atable bladder, adapted to be 
in?ated (for example, to a pressure of greater than about 40 
mm Hg) by a ?uid (for example, a gas or liquid), disposed 
Within the bladder pouch, (3) extension tubing coupled to the 
in?atable bladder, and (4) an attachment mechanism to 
secure the bladder pouch and the in?atable bladder of the 
second thigh compression device to a left thigh of a human, 
Wherein When the thigh compression device is a?ixed on the 
left thigh of the human using the attachment mechanism, the 
bladder pouch and the in?atable bladder conform to the 
conical shape of the left thigh. 

[0018] The thigh compression system of this aspect of the 
inventions also includes an in?ation device, coupled to the 
extension tubing of the ?rst and second thigh compression 
devices, to simultaneously in?ate the in?atable bladder of 
each of the ?rst and second thigh compression devices. 

[0019] In one embodiment, the length of the third and 
fourth sides of the bladder pouch of each of the ?rst and 
second thigh compression devices may be greater than about 
4 inches and less than about 12 inches. 

[0020] The bladder pouch of each of the ?rst and second 
thigh compression devices, in one embodiment, may include 
a radius of curvature betWeen 2 and 20 feet. 

[0021] The thigh compression system of this aspect of the 
inventions may also include a pressure gauge, coupled to the 
in?ation device, to provide information Which is represen 
tative of the pressure of the ?uid in the in?atable bladder of 
each of the ?rst and second thigh compression devices. 

[0022] In yet another principal aspect, the present inven 
tions are directed to a thigh compression system for use With 
magnetic resonance imaging equipment. The thigh compres 
sion system of this aspect of the inventions includes a thigh 
compression device including ?rst and second layers of 
?exible material Welded together to form an air tight bladder, 
Wherein the bladder has a curved rectangular-like shape 
including a ?rst side that is longer than an opposing second 
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side, and wherein the bladder is in?atable by a ?uid. The 
thigh compression device further includes multiple Welds 
Within the bladder Which restrict the amount that the bladder 
expands When in?ated. The thigh compression system fur 
ther includes extension tubing coupled to the bladder, and an 
in?ation device, coupled to the extension tubing of the thigh 
compression device, to in?ate the in?atable bladder. 

[0023] In one embodiment, the length of a ?rst side of the 
thigh compression device is greater than about 20 inches and 
less than about 50 inches. In another embodiment, the 
bladder of the thigh compression device includes a radius of 
curvature betWeen 2 and 20 feet. Notably, the radius of 
curvature of bladder may be betWeen 2 and 20 feet. 

[0024] The thigh compression system may also include a 
pressure monitoring device to provide data Which is repre 
sentative of the pressure of ?uid Within the bladder. In 
addition, the thigh compression system may include (1) a 
?rst material having hooks, attached to a ?rst portion of the 
?rst layer of the ?exible material, (2) a second material 
having loops, attached to a second portion of the ?rst layer 
of the ?exible material, and (3) Wherein thigh compression 
device is secured to a leg of a patient by engaging the ?rst 
and second materials. The ?rst materials and/or the second 
material may be laminated to the corresponding ?exible 
material. 

[0025] In one embodiment, a plurality of the multiple 
Welds (for example, greater than 30) are round and Wherein 
each Weld of the plurality of Welds is spaced 1 to 2 inches 
apart. Further, a plurality of the multiple Welds restrict 
expansion of the bladder. 

[0026] The in?ation device, in one embodiment, includes 
a regulator Which controls the pressure of a pressurized air 
or oxygen source. The regulator may include a diaphragm 
having at least 1 inch in diameter. 

[0027] The thigh compression system may also include a 
quick release connector to provide rapid de?ation of the air 
tight bladder. 

[0028] Notably, When the thigh compression device is 
in?ated to about 50 mmHg, the venous ?oW from the leg is 
reduced and enhancement of veins on peripheral MR 
angiography is suppressed. 

[0029] In another principal aspect, the present inventions 
are directed to a method of reducing venous enhancement on 
peripheral magnetic resonance angiography. The method 
includes uniformly compressing the thigh of the patient With 
a curved compression device that snuggly ?ts the conical 
shape of the thigh of an animal (for example, a human) and 
is in?ated Without substantially displacing the leg or putting 
the leg into an unstable position; and thereafter obtaining a 
?rst 3D gradient echo MR image. The method further 
includes injecting a contrast agent into an arm vein of a 
patient and thereafter obtaining a second 3D gradient echo 
MR image using the same imaging parameters for obtaining 
a ?rst 3D gradient echo MR image. The method also 
includes creating a ?nal image by subtracting the ?rst 3D 
gradient echo MR image from the second 3D gradient echo 
MR image. 

[0030] Again, there are many inventions, and aspects of 
the inventions, described and illustrated herein. This Sum 
mary of the Inventions is not exhaustive of the scope of the 
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present inventions. Moreover, this Summary of the Inven 
tions is not intended to be limiting of the inventions and 
should not be interpreted in that manner. While certain 
embodiments have been described and/or outlined in this 
Summary of the Inventions, it should be understood that the 
present inventions are not limited to such embodiments, 
description and/ or outline, nor are the claims limited in such 
a manner. Indeed, many others embodiments, Which may be 
different from and/or similar to, the embodiments presented 
in this Summary, Will be apparent from the description, 
illustrations and claims, Which folloW. In addition, although 
various features, attributes and advantages have been 
described in this Summary of the Inventions and/or are 
apparent in light thereof, it should be understood that such 
features, attributes and advantages are not required Whether 
in one, some or all of the embodiments of the present 
inventions and, indeed, need not be present in any of the 
embodiments of the present inventions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] In the course of the detailed description to folloW, 
reference Will be made to the attached draWings. These 
draWings show different aspects of the present invention 
and, Where appropriate, reference numerals illustrating like 
structures, components, materials and/ or elements in differ 
ent ?gures are labeled similarly. It is understood that various 
combinations of the structures, components, materials and/ 
or elements, other than those speci?cally shoWn, are con 
templated and are Within the scope of the present invention. 

[0032] FIG. 1 illustrates an exemplary embodiment of a 
thigh compression device according to an aspect of the 
present inventions; 

[0033] FIGS. 2A, 2B, 3A and 3B illustrate, in block 
diagram form, embodiments of systems implementing the 
thigh compression device according to certain aspects of the 
present inventions; 

[0034] FIGS. 4A and 4B illustrate other exemplary 
embodiments of various aspects of a thigh compression 
device according to an aspect of the present inventions; 

[0035] FIG. 5 is a block diagram illustration of an in?a 
tion device including a ?uid regulating device to control 
and/or regulate the pressure of the ?uid provided by the ?uid 
source, according to an aspect of the present inventions; 

[0036] FIGS. 6A-6C illustrate an embodiment of an appli 
cation of a thigh compression device to a patient, according 
to an aspect of the present inventions; 

[0037] FIGS. 7A and 7B illustrate an exemplary embodi 
ment of the operation of a thigh compression device, accord 
ing to an aspect of the present inventions; 

[0038] FIGS. 8A and 8B illustrate an exemplary embodi 
ment of the operation of a thigh compression device in 
conjunction With an MR scanner, according to an aspect of 
the present inventions; 

[0039] FIG. 9A illustrates an exemplary pre-contrast 
agent “mask” image of the peripheral vasculature; 

[0040] FIG. 9B illustrates an exemplary contrast agent 
enhanced image of the peripheral vasculature Wherein the 
image data Was acquired using a thigh compression device 
according to an aspect of the present inventions; 
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[0041] FIG. 9C illustrates an exemplary image of the 
peripheral vasculature that Was obtained using the images 
and/or data of FIGS. 9A and 9B (i.e., a subtraction image); 

[0042] FIG. 10 illustrates an exemplary embodiment of a 
portion of the in?ation device of the thigh compression 
device of FIGS. 4A and 4B, according to an aspect of the 
present inventions; 

[0043] FIG. 11 illustrates another exemplary embodiment 
of a thigh compression device according to an aspect of the 
present inventions; and 

[0044] FIG. 12 illustrates an exemplary embodiment of a 
foot stabiliZing mechanism Which may be used in conjunc 
tion With any embodiment of the thigh compression devices 
of the present inventions. 

DETAILED DESCRIPTION 

[0045] At the outset, it should be noted that there are many 
inventions described herein as Well as many aspects and 
embodiments of those inventions. 

[0046] In a ?rst aspect, the present invention is directed to 
a thigh compression device and technique to control, time, 
delay and/or prevent excessive early venous enhancement 
relative to arterial enhancement and thereby improve and/or 
enhance MRA images, including peripheral MRA images. In 
one embodiment, the present invention uses a curved strip of 
material Which is longer on the superior edge and shorter 
along the inferior edge. When Wrapped around the conical or 
conal shape of the thigh of a subject (for example, a human), 
the thigh compression device more uniformly conforms to 
and/or ?ts around the thigh, providing more even/uniform 
compression as Well as reducing, minimiZing and/or elimi 
nating signi?cant movement of the thigh compression 
device toWards the knees of the subject. Notably, a snug ?t 
on the thighs may also enable the thigh compression device 
to be in?ated With less ?uid (for example, air) Which is faster 
and less cumbersome for the operator. 

[0047] The curvature of the thigh compression device 
confers a conical or conal-like shape Which ?ts the thigh 
more fully and/or naturally for a more effective compression 
Without the tendency to slide doWn the leg. It may be useful 
to make the thigh compression device from material that 
“grips” the thigh so friction Will further reduce, minimize 
and/or prevent movement of the thigh compression device 
(for example, sliding to a lose position). 

[0048] In one embodiment, adjustable straps may alloW 
the degree of angle of the conical or conal-like shape to be 
adjusted for patients With different siZe and/or shape legs. In 
another embodiment, the thigh compression devices may be 
attached to a pair of shorts or a series of straps like a 
climbing hamess, Which enable the devices to be held high 
on the thigh With little to no risk of the thigh compression 
devices from sliding doWn the legs regardless of the shape 
of the thigh. This combination of blood pressure culfs, 
resembling a pair of adjustable shorts, may have straps 
and/or Velcro or other easy stick materials that alloW it to 
easily adjust to a Wide range of siZes of patients. 

[0049] With reference to FIG. 1, in an exemplary embodi 
ment of thigh compression device 10 according to one 
aspect of the present invention, thigh compression device 10 
includes bladder pouch 12 having bladder 14 disposed 
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therein. The labels 16a and 16b identify the “direction” of 
placement of thigh compression device 10 on the thigh of the 
patient. The bladder 14 is coupled to extension tubing 20 
(Which may or may not be coiled) to facilitate in?ation by 
in?ator 22. In one embodiment, pressure relief valve 24 may 
be positioned betWeen bladder 14 and coiled extension 
tubing 20 to minimiZe, eliminate and/or reduce over in?a 
tion of bladder 14. In addition, pressure relief valve 24 may 
be employed to quickly or rapidly de?ate bladder 14 to 
facilitate easy removal or repositioning of thigh compression 
device 10. 

[0050] In this embodiment, pressure gauge 26 provides the 
operator With an indication of the pressure of the air in 
bladder 14. In this exemplary embodiment, thigh compres 
sion device 10 also includes one-Way valve 28 and valve 30 
to alloW the operator to quickly release air in bladder 14 
and/or reduce the pressure of the air in bladder 14. 

[0051] With continued reference to FIG. 1, bladder pouch 
12 and/or bladder 14 are shaped to adapt to the conical or 
conal-like con?guration or form of the thigh of a human 
patient. In the exemplary embodiment, bladder pouch 12 
and/or bladder 14 of thigh compression device 10 include a 
radius of curvature of 100 cm, Which confers shortening 
along one edge to re?ect the smaller loWer portion of the 
thigh of the human. 

[0052] Based on experience, a radius of curvature of 
bladder pouch 12 and/or bladder 14 of about 4 feet (a degree 
of curvature creating 10% longer superior edge compared to 
the inferior edge on a 3 foot long thigh, 8 inches Wide 
compression device) may be suitable on the vast majority of 
people. HoWever, a range in radius of curvature from 2 to 20 
feet may also be acceptable. 

[0053] Notably, it may be advantageous to include more 
curvature of bladder pouch 12 and/or bladder 14, Which 
tends to cause greater compression along the inferior edge 
since this may better ?x, maintain, control and/ or secure the 
position of thigh compression device 10 thereby minimiZ 
ing, reducing and/ or preventing thigh compression device 10 
from “sliding” toWard the knees of the human. Moreover, it 
may be advantageous to have a thigh compression device in 
Which the degree of curvature may be adjusted so as to 
optimiZe for individual patients. This may be accomplished 
by having a band(s) or strap(s) at the inferior and/or superior 
edge Which can be adjusted in length thereby varying the 
degree of curvature. 

[0054] In one embodiment, an optimum radius of curva 
ture may be calculated by recogniZing that one intention is 
to have the thigh compression device form a conical section 
When Wrapped around the conically shaped upper thigh. The 
upper thigh in an average adult Will have a circumference 
that is about 20% greater than the mid-thigh circumference. 
Where “A” is the circumference of the top of the thigh and 
“B” is the circumference of the mid-thigh, When 
un-Wrapped, the conical thigh compression device Will have 
a superior edge With a radius of curvature, “R”, and length, 
“A” Which is equal to Rx0. 

[0055] Further, the more inferior edge Will have a length, 
“B”, Which is equal to (R—W)><0 Where W is the Width of the 
thigh compression device. From these tWo equations, an 
enhanced and/or optimum radius of curvature for the supe 
rior edge, R=(W><A)/(A—B). Note that for the standard, 
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straight thigh compression device Where the superior edge 
length, A, is equal to the inferior edge length, B, the 
calculated radius of curvature Will be in?nity corresponding 
to a perfectly straight thigh compression device. 

[0056] For a typical patient With an upper thigh circum 
ference A=80 cm and a mid-thigh circumference, B=65 cm, 
and a thigh compression device Width, W=15 cm, an 
enhanced and/or optimum radius of curvature is 80 cm. 
Because of the range of patient anatomy an enhanced and/or 
optimum radius of curvature may vary from 40 to 300 cm. 
For a typical adult Whose upper thigh has a diameter of about 
24 inches (outside clothing) and a mid-thigh, 8 inches more 
inferiorly, diameter of about 20 inches, the optimum radius 
of curvature for the superior edge Will be 48 inches. For the 
inferior edge, an enhanced and/or optimum radius of cur 
vature Will be about 8 inches or less (corresponding to the 
thigh compression device Width Which is 40 inches). 

[0057] The length of thigh compression device 10 may be 
substantially longer than A or B to accommodate for the 
overlap necessary to secure the thigh compression device 10 
With a fastening material, device or system (for example, 
Velcro and/or straps/buckles). Typically, the total length is 
about 100 cm and 15 cm in Width, W; hoWever for large 
patients the length may be longer and for smaller patients the 
length may be shorter. For example, larger siZe patients may 
be 150 cm long With a Width of 20 cm, and smaller siZe 
patients may be 100 cm long With a Width of 15 cm. 

[0058] The thigh compression device 10 may contain 
bladder pouch 12 and/or bladder 14 Which is short enough 
to avoid being crimped by these arcs but long enough to 
provide reasonably uniform compression. This bladder 
pouch 12 and/or bladder 14 may be about 10 to 20 inches 
long. Multiple smaller bladders may also be used. 

[0059] The thigh compression device 10 of this embodi 
ment includes in?ator 22, Which is implemented using MR 
compatible materials. The in?ator 22 may also include 
pressure gauge 26, Which is also implemented using MR 
compatible materials. The thigh compression device 10 may 
employ commercially available MR compatible in?ators 
including for example those available from Heine (Kiental 
strasse 7, D-82211, Herrsching, Germany), Welch Allyn 
(4341 State Street Road, Skaneateles Falls, NY.) and/or 
MDF Instruments, Inc. (26665 Seagull Way, Suite 117 
Malibu Calif. 90265). Such in?ators have the advantage of 
being able to both in?ate/de?ate and monitor pressure With 
a single tube entering bladder 14. Preferably the in?ator 
should be made entirely of non-magnetic materials to avoid 
any risk of being affected by the MR scanner magnetic ?eld 
or interfering With MR images. Since the desired pressure is 
loWer than What is required for normal blood pressure culfs, 
the in?ation bulb may be larger than normal to facilitate 
rapid in?ation With feWer pumps or squeezes of the bulb. For 
example a 70 to 150 ml bulb may be suitable instead of the 
more commonly utiliZed 50 to 60 ml bulb. For even faster 
in?ation With feWer pumps of greater volume per pump, a 
cylindrical in?ator like a bicycle pump may also be utiliZed. 
The pump may be hand or foot operated. Electrical operation 
of the pump is also possible and may facilitate remote 
operation so the pump can be activated from another room 
(eg the MRI control room). 

[0060] The thigh compression device 10 of the present 
invention may include extension tubing 20 With an innova 
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tive design that balances several opposing requirements for 
enhanced and/ or optimal use during the peripheral MRA 
procedures. This extension tubing 20 is normally compact in 
length by assuming a coil con?guration but can stretch out 
su?iciently long to alloW an operator to stand some distance 
aWay outside the MR scanner While in?ating or de?ating 
thigh compression devices 20 on the patient inside the MR 
scanner. The lumen caliber of tubing 20 is su?icient to avoid 
excessive resistance to air ?oW for in?ation and de?ation but 
has a su?icient Wall thickness to avoid kinking. It may also 
have a cloverleaf or other non-circular luminal pro?le such 
that air Will continue to ?oW even in the event of compres 
sion or kinking. 

[0061] In one embodiment, extension tubing 20 includes 
the spring of rubber (or synthetic rubber, a thermoplastic 
elastomer or other elastic, non-magnetic material) to return 
to its coil con?guration upon relaxation of the tension. 
Preferably, the tubing surface is “slippery smoot ” to mini 
miZe and/or avoid getting caught or clinging to other appa 
ratus and especially to help minimiZe and/or avoid getting 
caught in the sliding mechanism of the moving patient table 
of the MR scanner. The in?ating mechanism to Which the 
extension tubing is attached may be placed to the side of the 
MR scanner table at a su?icient distance from the center of 
the magnet to maintain a tension in the extension tubing over 
the full range of patient positions. In this Way, the extension 
tubing is kept aWay from the sliding table surface to prevent 
the tubing from getting caught in the sliding table mecha 
nism. In another embodiment, the in?ating mechanism can 
be placed on the patient table adjacent to the patient. 

[0062] The coiling of extension tubing 20 may have an 
inner diameter of one quarter inch to 2.5 inches but more 
preferably is about 0.5 inch. The coil may have an outer 
diameter of about 1 inch but it may be in the range of 0.5 
inch to 3 inches. Note that a large diameter of coil Will 
reduce the pressure drop in the tubing Which can be ben 
e?cial. This pressure drop Will also be reduced When the 
tubing straightens out from advancing the patient into the 
MR scanner. 

[0063] The lumen of extension tubing 20 should be care 
fully chosen to be su?icient to reduce and/or minimiZe air 
resistance but not so large to create a cumbersome tubing 
With a lot of dead space. Note that due to the laW of LaPlace, 
as the tubing lumen becomes larger in diameter, the force in 
the tubing increases, requiring ever greater Wall thickness to 
avoid excessive tubing capacitance. This air ?oW resistance 
is compounded by the coiling of the tubing Which increases 
resistance to air ?oW. This Will necessitate an in?ation 
pressure in order to get su?icient ?oW into bladder 14. In one 
embodiment, the pressure required for laminar ?oW in a 
straight tube is equal to 128 times viscosity times tubing 
length times ?oW divided by (lumen diameter to the fourth 
poWer times at). The pressure may be characterized as: 

12814LQ 
Pressure : 

7rd4 

[0064] Where: u=viscosity of air 
[0065] L=length of tubing 
[0066] Q=?oW rate 
[0067] d=lumen diameter of extension tubing 
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[0068] Since the pressure may be a function of the lumen 
diameter, only a small increase in lumen diameter is required 
to compensate for the added length. For example, a typical 
blood pressure cuff tubing has a 2 mm lumen diameter for 
a 1 meter length of tubing. To increase the length of tubing 
to 4 meters the lumen only needs to be increased by the 
fourth root of 4 in order to maintain equal pressure drop. 
Thus, the lumen Will need to be increased by a factor of 1.41 
or from 2 to 2.8 mm in order to maintain the same air ?oW 

for a given in?ation pressure. 

[0069] Notably, the coiling of extension tubing 20 also 
adds resistance Which may be minimized by using larger 
diameter coils. This resistance also diminishes as the coiled 
tubing stretches out When the patient is inside the magnet. 
Thus, a lumen diameter of at least 2.5 mm and preferably 3 
or 4 mm is useful to minimize resistance to air ?oW. Also 
note that it is helpful for all connectors to have a lumen 
diameter comparable to that of extension tubing 20 so that 
connectors do not become sites of air resistance and pressure 
gradients. 

[0070] Where connectors are used to join tubing 20 (see, 
for example, FIG. 6C), the connections should be airtight to 
avoid leakage. In addition, luer locking connectors Which 
are used for intravenous tubing should be avoided so that 
there Will not be any confusion betWeen the extension tubing 
and IV tubing. Notably, it may be helpful from a patient 
safety perspective to include a connector for air in?ation of 
the tourniquet that is not easily connectable to the patient’s 
IV line. One suitable connector has a ?nely threaded screW 
(?ner than the standard luer thread) and an o-ring to seal the 
connection airtight. Alternatively, the thread could be 
coarser than the standard luer thread. A press ?t type 
connector mechanism may also be employed. In one pre 
ferred embodiment, quick-release connectors are employed. 
Such quick-release connectors may be disconnected With the 
press of a button for those connections near the cuffs to 
facilitate easier placement and removal from the patient as 
Well as more rapid de?ation. 

[0071] Notably, thigh compression system 100 of the 
present invention may include tWo thigh compression 
devices 10, one for each thigh of the patient. (See, for 
example, FIGS. 2A-3B and 6C). The thigh compression 
system 100 may employ thigh compression devices 10 that 
have a separate dedicated in?ator 22. (See, FIGS. 2A and 
2B). Alternatively, in addition to or in lieu of the in?ator 22, 
it may be advantageous to employ an in?ation device 32 (a 
manual hand or foot type in?ator or pump type in?ator that 
is coupled to, for example, a pressurized air source) that 
simultaneously in?ates both thigh compression devices 10 
via one input from the operator. (See, FIGS. 3A, 3B and 
7A). In this Way, the pressure applied to each thigh of the 
patient may be substantially equal and each device 10 
simultaneously in?ated. 

[0072] In another embodiment, the bladder of the thigh 
compression device may be in?ated using a pressurized air 
source With regulator set to the desired pressure. An advan 
tage of this embodiment is that the bladder of thigh com 
pression device may be in?ated to a predetermined, desired 
and/or suitable pressure and maintained at that pressure, 
even in the event of a leak or minor change in the position 
of the thigh compression device (relative to the patient), 
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Which changes volume of the bladder. For example, the 
regulator may be set to, for example, 60 mm of mercury, 
such that there Would be continuous maintenance of the 
pressure of thigh compression device at the correct pressure 
even if a leak develops and/or has developed in, for example, 
thigh compression device. 

[0073] The pressurized air source may be a pressurized air 
cartridge or it could connect to the pressurized gas source in 
the Wall Which is typically available in hospitals and other 
medical facilities. In this regard, hospitals often have oxygen 
available at outlets disposed on the Wall, typically at a 
pressure of 50 psi (about 2585 mmHg). 

[0074] Moreover, pressurized air may also be available in 
some hospitals. Under this circumstance, a pressure regula 
tor may be employed to adjust the pressure to, for example, 
40-60 mmHg, to in?ate thigh compression device 10. In one 
embodiment, the precise pressure may be adjusted by tum 
ing a screW that adjusts a spring inside the regulator. In order 
to make the regulator “non-magnetic”, the spring can be 
made from or of a plastic or inconel, Which is a non 
magnetic spring metal. A non-magnetic pressure gauge 
attached to the output of the regulator provides feedback to 
the operator adjusting the spring to attain the predetermined, 
desired and/or “correct” pressure as Well as to make adjust 
ments in the event, for example, a leak or ?uctuation in the 
pressure source causes the output in?ation pressure to 
change and/or drift. Where oxygen is employed to in?ate 
device 10, it maybe advantageous to thoroughly clean the 
regulator of any organic lubricants or other combustible 
material to minimize risk of a ?re. 

[0075] Notably, the present inventions may employ any 
pressure regulator device to control, maintain, and/or ensure 
a suitable/predetermined in?ation of thigh compression 
device 10. All pressure regulator devices, Whether noW 
knoWn or later developed, as intended to fall Within the 
scope of the present inventions. For example, With reference 
to FIG. 5, pressure regulator device 40 controls, adjusts 
and/or maintains the output pressure of the ?uid (gas or 
liquid) from the ?uid source. A pressure adjustment mecha 
nism 42 alloWs the operator to control the predetermined, 
desired and/or suitable pressure of the ?uid. The pressure 
gauge 26 provides the operator With information of the 
pressure of the ?uid at the output of pressure regulator 
device 40. The output of the pressure gauge 42 is provided 
to bladder pouch 12 and bladder 14 of thigh compression 
device 10. 

[0076] For precise control of the output pressure, it may be 
useful to use a regulator With a relatively large diaphragm 
Which increases the amount of spring force adjustment for a 
given pressure change. A suitable device is the Control Air 
BA700 With modi?cations to replace the spring With an 
non-magnetic spring and to replace all other magnetic parts 
With non-magnetic equivalent parts. For example the steel 
screWs can be replaced With brass screWs, the steel dia 
phragm replaced With an aluminum or plastic diaphragm, 
the adjustment screW is replaced With a brass or non 
magnetic stainless steel adjustment screW and so on. 

[0077] In another embodiment, thigh compression device 
10 may also include a tWo chamber con?guration With an 
intervening regulator that alloWs one chamber to be pumped 
up to a high pressure, higher than 60 mmHg, to serve as a 
pressure reserve. This high pressure chamber connects to the 














